Description 



Antioxidant containing vitamin E metabolite 

Field of the Invention 

The present invention relates to a vitamin E metabolite 
which exhibits anti-oxidant action and belongs to the field of 
food and pharmaceuticals. 

Prior Art 

Tocopherol and tocotrienol are known to have anti-oxidant 
action . 

On the other hand, carboxyethylhydroxychromanes are in 
vivo metabolites of tocopherol and tocotrienol. Among all, 
2,7,8- triethyl - 2 - ( P - carboxye thyl ) - 6 -hydroxychromane is known 
to have natriuretic activity (Wechter et al . , Proc . Natl. Acad. 
Sci. USA, 93, 6002-6007, 1996) but other activities thereof are 
still unknown. 

It has been suggested that ^-tocopherol has anti-oxidant 
action to inhibit LDL (low density lipoprotein) oxidization 
which may possibly prevent crisis of arterial sclerosis. On 
the other hand, it has not been determined yet whether its 
analogues such as Y- tocopherol and tocotrienol have in vivo 
anti-oxidant action or not, since little of them could be 
detected in unchanged forms in blood after oral administration . 
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Disclosure of the Invention 

After examining the activities of 
carboxyethylhydroxychromane , (in vivo metabolites of 
tocopherol and tocotrienol) , the present inventors 
unexpectedly found that the compounds described below have 
anti- oxidant action and accomplished the present invention. 

The invention provides a method of preventing or treating 
a disease caused by oxidation in vivo by administering a 
pharmacologically effective amount of at least one compound 
selected from the group consisting of: 

(1) 2,5,7.8- tetramethyl-2 - (S-carboxyethyl) -6 - 
hydroxychromane , a pharmacologically acceptable salt thereof 
or a pharmacologically acceptable hydrate thereof and 

( 2 ) 2,7.8- tr imethyl - 2 - (fi - carboxyethyl ) - 6 - 
hydroxychromane, a pharmacologically acceptable salt thereof 
or a pharmacologically acceptable hydrate thereof. 

The invention then provides use of the compound as defined 
above (1) or (2) for manufacturing an anti -oxidant medicine. 

The invention moreover provides use of a compound selected 
from the group consisting of (3) Ct - tocopherol , (4) (X - 
tocotrienol, (5) 7 - tocopherol and (6) 7 - tocotrienol for 
generation in vivo of any of the compounds as above (1) and (2) 
to treat a disease caused by oxidated low density lipoprotein 
(LDL) . 

It is preferable that the disease is that caused by^oxidated 
low density lipoprotein (LDL) , especially being 
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arteriosclerosis . 

The present invention relates to antioxidants which are 
2,5,7,8- tetramethyl - 2 - ( P - carboxyethyl ) - 6 - hydroxychromane or 
a salt thereof and/or 2 , 7 , 8 - trime thyl - 2 - ( P - carboxyethyl ) - 6 - 
hydroxychromane, a salt thereof or a hydrate thereof. The 
present invention also relates to an antioxidant comprising 
2,5,7,8- tetramethyl - 2 - (P- carboxyethyl) - 6 -hydroxychromane or 
a salt thereof and/or 2 , 7 , 8 - trime thyl - 2 -( P - carboxyethyl )- 6 - 
hydroxychromane, a salt thereof or a hydrate thereof. The 
present invention also relates to an antioxidant comprising 
tocopherol and/or a - tocotrienol which exhibit anjti - oxidant 
action when metabolized to 2 , 5 , 7 , 8 - tetramethyl - 2 - ( P - 
carboxyethyl) - 6 - hydroxychromane by metabolizing enzyme, or to 
an antioxidant comprising Y- tocopherol and/or Y- tocotrienol 
which exhibit anti -oxidant action when metabolized to 
2,7,8- trime thyl - 2 - (P - carboxyethyl ) - 6 -hydroxychromane by 
metabolizing enzyme. The present invention further relates to 
an agent for preventing or treating arterial sclerosis, which 
comprises 2,5,7,8- tetramethyl - 2 - ( P - carboxyethyl ) - 6 - 
hydroxychromane or a salt thereof and/or 2 , 7 , 8 - tr imethyl - 2 - 
(P- carboxyethyl) -6 -hydroxychromane, a salt thereof or a 
hydrate thereof . 

2,5,7, 8 -Tetramethyl - 2 - ( P - carboxyethyl ) - 6 - 
hydroxychromane according to the present invention is a 
metabolite of cx - tocopherol or a - tocotrienol, which has the 
following formula (hereinafter referred to as " a -CEHC"). 
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a-CEHC may also be referred to as 2 , 5 , 7 , 8 - te tramethyl - 2 - 
( 2 ' - carboxye thyl ) - 6 - hydroxychromane . 






COOH 



Further , 2,7,8 - trime thyl - 2 - ( P - carboxye thyl ) - 6 - 
hydroxychromane is a metabolite of Y- tocopherol or Y- 
tocotrienol, which has the following formula (hereinafter . 
referred to as "Y-CEHC"). Y-CEHC may also be referred to as 
2,7,8- trime thyl - 2 - (2 ' - carboxye thyl ) - 6 -hydroxychromane . 



HO 



COOH 



When a -CEHC and Y-CEHC are produced by metabolizing enzyme, 
optically active substance (S - configuration) may be produced. 
Racemic modifications thereof may be used in antioxidants or 
agents for preventing or treating arterial sclerosis according 
to the present invention. 

<X-CEHC and Y-CEHC may be prepared according to any known 
method. These compounds may be present in a form of salt 
combined with organic or inorganic material. Further, 
hydrates of these compounds or salts thereof may be used. 

The effective amount of a -CEHGr and/or Y-CEHC as 
antioxidants in blood may be, buyt not limited to, about 



01051 




200pmol/ml, for example/ a -CEHC and/or Y-CEHC show anti- 
oxidant action not only in vivo but also when contained in 
pharmaceuticals, f oo/s , diet/etc^) a -CEHC or Y-CEHC may be used 
alone or in combination. 

Alternatively, a - tocopherol , a - tocotrienol , Y- tocopherol 
or Y- tocotrienol itself may also exhibit in vivo anti-oxidant 
action after administration, since a -CEHC and Y-CEHC are 
produced by metabolisms of a - tocopherol , a - tocotrienol, Y- 
tocopherol or Y- tocotrienol in vivo. Conventionally, in vivo 
anti-oxidant activity has been confirmed in ^-tocopherol but 
in a - tocotrienol , Y- tocopherol or Y- tocotrienol . The dosage 
of a - tocotrienol , Y- tocopherol or Y- tocotrienol required to 
obtain in vivo anti-oxidant action after oral administration 
is 10-2 000mg. 

a -CEHC and/or Y-CEHC may be used as antioxidant directly 
or after formulated into any dosage form. Such formulation may 
be prepared by: mixing a -CEHC and/or Y-CEHC with an excipient 
such as lactose, mannitol and silicic acid anhydride, and then 
with a disintegrating agent (such as starch, low substitution 
hydroxypropylcellulose and crystalline cellulose) and a binder 
(such as hydroxypropyl cellulose, polyvinylpyrrolidone and 
hydroxypropylcellulose) ; granulating the mixture while adding 
solvent such as water and ethanol thereto; finely graining if 
necessary; and drying^e^fcorm dry granules or fine granules 
Further, such granules^etc . ma^ be formulated into capsules or 
tables, or dispersed irbto wa^r to obtain liquid formulation 



Optionally, organic solvent (e.g., ethanol), plant oil, 
synthetic oil, surfactant, flavors or the like may be added. 

Brief Description of the Drawing 

Fig. 1 shows extended lag-times during which oxidization 
of LDL was inhibited by adding CEHC or the like. 

Experimental Example 

Compounds according to the present invention may have 
anti -oxidant action. They may be effective in vivo as an agent 
for preventing or treating arterial sclerosis. Hereinafter, 
effects of the compounds according to the present invention will 
be described in reference to the following Experimental 
Examples. 
<Method> 

11 Prp para1-inn of T.DTi 

Blood collected from human subject was centrifuged at 
3000rpm for 10 minutes to isolate plasma. Next, KBr was added 
to 1 . lmL of the plasma which was then subjected to density 
gradient ul tra - centr i f uga tion (Single spin differential 
centrif ugation) to collect LDL. After the determination of 
protein concentration, LDL was prepared by PBS. 

2 ) Ox-i riat.-i ve degeneration LDTj assay u sing a zo - compound (V - 7 Q ) 
In vitro assay of oxidatively denatured LDL was performed 
according to the method described by Kondo, et al . This method 
involves use of 2 , 2 ' - azobis ( 4 -methyl - 2 , 4 - 



dimethyl valeroni trile ; V-70) as the oxidation starter. Final 
concentration of V-70 was 200^M for about 70Mg/mL of LDL protein 
concentration, and production of the conjugate dienes of LDL 
was assayed at 234nm for 300 minutes. The time during which 
conjugate diene production was inhibited was indicated as 
lag-time. The efficacy of each antioxidants was evaluated by 
adding the compound and V-70 at the same time and determining 
the lag- time caused by the compound. 
Results 

1) Anti-oxidative effects of a - and Y-CEHCs on LDL 

At first, a - or Y-CEHCs was added to LDL 
concentration - dependent ly (final concentration: 6 0 - 100 Ong) 
and their anti-oxidative activities were examined. The 
results showed prolonged lag-times concentration - dependently 
for both a - and Y-CEHCs. Thus, it was shown that both of a - 
and Y-CEHCs have anti-oxidative effects also on LDL. 

2 ) Comparison of anti -oxidati vp pf ferts on LDL between CEHCs 
and trnlny (at higher- rnnrpn trati nn) 

Comparison with trolox (a water-soluble synthetic 
antioxidant) was performed. Blood was collected from eight 
male and female adults, and LDL was collected therefrom 
according to the above - described method . Then, ^-CEHC, Y-CEHC 
or trolox was added to the LDL (at final concentration: lMg) 
and lag- time was determined. Control group without 
antioxidant showed lag- time of 88.1 ± 29.4 minutes while the 
group added with a -CEHC showed significantly prolonged lag- 



time of 190 . 8 ± 65 . 1 minutes (p<0.01). Further, the group added 
with Y-CEHC showed lag- time of 263.1 ±_114.8 minutes which was 
significantly longer than that of a -CEHC group. Thus, Y-CEHC 
had significantly stronger anti - oxidative effects on LDL than 
Ot-CEHC did. 

3 ) Pomparisnn of anti - nxidativp pffpnts on TjDTj hpfwppn rFHfs 

^nri i-T-oiox (at lower concentration) 

Stahl, etal., (Anal. Biochem, 275, 254-259, 1999) reported 
that plasma a -CEHC concentration was 2 0 0pmol/mL when 500IU 
RRR- a - tocopherol was administered to human subject and that 
most of Y-CEHC derived from Y- tocopherol were present in a free 
state when taken with foods. Therefore, its anti - oxidative 
effect on LDL was also examined, with the concentration at which 
it can be present in plasma. Control group was also prepared 
by adding Trolox in the same manner as described above and the 
final concentration was set close to 200pmol/mL described above 
(final concentration; 60ng) for comparison. 

Results are shown in Fig. 1. In the drawing, control group 
is indicated by 1, and extension rates of lag-times are shown. 
As seen in Fig. 1, Y-CEHC group had a greater increase in 
extension rate of lag- time than those of ^-CEHC and Trolox 
groups. Thus, it was proved that not only tocopherol but also 
CEHCs (particularly Y-CEHC) may be very efficient antioxidants 
in plasma and exhibit anti - oxidative effect on LDL membrane 
surface. Further, since it was shown that metabolites of 
vitamin E (particularly Y- tocopherol and Y- tocotr ienol ) have 
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such biological activities, it can be assumed that strong 
vitamin E efficacy may possibly be obtained in treatment 
arterial sclerosis and heart disease by administering Y- 
tocopherol and/or Y- tocopherol at the same time. 



